Background
Wellens syndrome is a harbinger of an impending myocardial infarction that warrants an urgent therapeutic intervention. The classic presentation of the syndrome includes biphasic or symmetrically inverted T waves in the precordial leads preceded by a recent history of angina [1] . Different mimics of Wellens syndrome have shown unremarkable coronary angiograms. We present an interesting case of a middle-aged man with chest pain and biphasic T waves on his electrocardiogram (EKG) who had a normal coronary anatomy during cardiac catheterization.
Case Report
A 61-year-old African American man with no significant past medical history presented to our emergency department for evaluation of atypical left sided chest pain of 3 days duration. He had no history of coronary artery disease and was not on any medications. There was no history of recreational drug use. At the time of admission, his vital signs were remarkable for elevated blood pressure of 150/104 mmHg. The heart rhythm was regular and there was no murmur. The jugular venous pressure was not elevated.
Blood chemistries, including serum potassium, were within normal limits. His 12-lead electrocardiogram (EKG) showed normal sinus rhythm with interval development of new Wellenstype biphasic T waves in leads V2 to V6, as well as inverted T waves in the inferior leads ( Figure 1 ). His previous EKG was normal ( Figure 2 ). Serial cardiac troponin T assays were within normal limits. Resting transthoracic echocardiogram (TTE) was remarkable for concentric left ventricular hypertrophy with no regional wall abnormality ( Figure 3 ). His chest pain improved with sublingual nitroglycerin. Given this clinical picture, we questioned whether cardiac catheterization was necessary. At the same time, there was a concern for unstable angina in view of dynamic EKG changes and response to sublingual nitroglycerin. This reasoning prompted a coronary angiography, which demonstrated normal coronary arteries with no significant stenosis. No further EKG was done after cardiac catheterization. The following day, the patient's blood pressure remained persistently elevated above 180/100 mmHg, consistent with a diagnosis of systemic hypertension. Since his coronary angiography was normal, his biphasic T wave changes and LVH on TTE were believed to be related to untreated hypertension. He was followed up in clinic with no further symptoms.
Discussion
In 1982, de Zwaan et al. identified a subgroup of high-risk patients hospitalized for unstable angina [1] . These subjects had a characteristic biphasic T wave pattern in the precordial leads of their EKGs associated with critical stenosis of the proximal left anterior descending artery (LAD) [1] . The authors demonstrated that 75% of these patients who received medical therapy without coronary revascularization later suffered an extensive anterior wall myocardial infarction within a mean period of 9 days [1] . In a follow-up study in 1988, it was observed that all the patients admitted with unstable angina and had precordial biphasic T wave pattern on EKG had significant occlusion in the LAD by coronary angiography [2] . It was concluded that Wellens syndrome (or LAD coronary T wave syndrome) indicates an impending myocardial infarction [2] .
Diagnostic criteria for Wellens syndrome include: symmetric and deeply inverted T waves (type B pattern) in leads V2 and V3, sometimes in leads V1, V4-V6 or biphasic T waves (type A pattern) in leads V2 and V3, isoelectric or minimal ST segment elevation less than 1 mm, no pathologic Q waves, no loss of R wave progression, a history of angina, presence of typical EKG pattern in pain-free period, and normal or minimally elevated cardiac enzymes [2, 3] . These criteria could easily distinguish Wellens syndrome from other etiologies of inverted T waves. Other causes of inverted T waves include early repolarization, cerebral T waves, post-tachycardia T wave pattern, digitalis effect, hypokalemia, bundle branch block, Wolff-Parkinson-White pre-excitation, acute pericarditis, acute pulmonary embolism, and left ventricular hypertrophy [4, 5] .
While identifying EKG alterations meeting Wellens criteria is crucial, it should be noted that the sensitivity of inverted T waves significant for LAD stenosis is 69%, specificity is 89% and positivity predictive value is 86% [6] . This means that EKG changes suggestive of Wellens syndrome do not always indicate its presence. A clinical entity in which Wellens EKG pattern is present but with normal coronary anatomy has been defined as pseudo-Wellens syndrome. This syndrome has been described in patients with myocardial bridge due to external coronary artery compression [7] as well as coronary spasm from cocaine use [8] . Heavy marijuana use [9] and acute cholecystitis [10] have also been implicated in pseudo-Wellens syndrome, but their pathophysiologic mechanisms are unclear. In our case, the biphasic pseudo-Wellens EKG manifestation was likely due to left ventricular hypertrophy from systemic hypertension. Our patient's EKG was positive for LVH by Romhilt-Estes criteria based on left atrial involvement and QRS duration >0.09 s in the absence of digitalis effect [11] . The new ST changes in our patient are likely permanent, as sometimes also seen in patients of African descent [12] .
The ST-T segment changes seen in LVH are due to repolarization abnormalities of the hypertrophied muscle of the left ventricle [13] . Typical EKG alterations associated with LVH include early repolarization, asymmetric T wave inversion, and poor R wave progression [13] . Others findings include concave ST elevation in leads V1-V3 and down-sloping diffuse ST depression with negative T waves in the inferior and anterolateral leads [14] . Another distinguishing feature in favor of LVH as opposed to Wellens syndrome is that ST-T changes usually involve all the precordia leads. In light of this, clinicians should exercise caution before rushing such patients to the cardiac catheterization laboratory. In general, patients presenting with chest pain need to be risk-stratified, and diagnostic testing for coronary artery disease should be based on pretest probability. Low-risk patients can undergo treadmill stress testing if baseline EKG is normal. Intermediate-risk patients should be evaluated with stress testing with imaging, while those in the high-risk category should be investigated with coronary angiography. Our patient's clinical presentation and EKG findings were worrisome for unstable angina; on this basis, we elected to proceed with coronary angiography.
We propose that detection of LVH on echocardiogram in the face of a new diagnosis of systemic hypertension and biphasic T waves with negative cardiac biomarkers should raise a question about pseudo-Wellens syndrome. Furthermore, the presence of T wave changes in V3 to V6 should make one suspicious for LVH. If unstable angina is ruled out, such patients may be considered for non-invasive workup such as stress testing or coronary CT angiography. High-resolution coronary CT angiography has been shown to have good diagnostic accuracy [15] . Additionally, contrast-enhanced cardiac magnetic resonance imaging has been used in patients with pseudo-Wellens T waves to rule out obstructive coronary artery disease, thus obviating the need for invasive procedures [16] . Further research in this area is ongoing.
